Purpose The purpose of this study was to evaluate the impact of a preoperative myocardial infarction (MI) on outcomes of inpatient orthopaedic operations. Methods The National Surgical Quality Improvement Program database was used to identify patients who underwent common orthopaedic operations from 2006 to 2010. Patient demographic data, comorbidities, complications, and lengths of stay were collected. Multivariate logistic regression and linear regression models were used to compare outcomes for patients with and without a history of MI in the six months prior to surgery. Results Of the 32,462 patients identified, 86 had sustained an MI in the six months prior to surgery. The MI cohort had no cardiac complications but had increased incidences of superficial surgical site infection, unplanned re-intubation, ventilator-assisted respiration for more than 48 hours, pneumonia, sepsis or septic shock, and postoperative mortality within 30 days of surgery, as well as prolonged lengths of stay. Following logistic regression to adjust for baseline differences, a history of MI showed no association with cardiac complications and was significantly associated with superficial surgical site infection (OR 3.6, 95 % CI 1.1-11.8), ventilator dependence for over 48 hours (OR 4.0, 95 % CI 1.1-14.0), and extended length of stay (median with interquartile range 4 [4-4] vs. 5 
Introduction
The number of orthopaedic operations performed in the United States is expected to grow substantially over the coming decades [1] . These interventions will take place in the setting of an increasingly elderly population; by the year 2020, 16.3 % of the US population is projected to be 65 years or older [2] . Given the correlation of increasing age and the prevalence of cardiovascular disease [3] , a thorough understanding of the interplay between pre-existing cardiovascular disease and surgical outcomes will be vital to optimise clinical decision-making and appropriate counselling of patients prior to surgery.
While many prior studies have concentrated on the impact of pre-existing cardiac disease on postoperative cardiac complications [4] [5] [6] [7] , few have investigated the effect of cardiac disease on all outcomes, including non-cardiac complications. This study aimed to use the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) database to examine adverse surgical outcomes associated with a prior history of myocardial infarction (MI) among patients who underwent common inpatient orthopaedic procedures.
Materials and methods
A retrospective analysis was performed using the NSQIP participant use files from 2006 to 2010. The NSQIP prospectively collects data on surgical patients from over 250 participating institutions in the United States. These records include patient demographics, preoperative comorbidities, intraoperative data, and surgical outcomes for 30 days following the index procedure. All data is transcribed by highly trained surgical certified reviewers, and regular data quality checks ensure the integrity of the database, as described elsewhere [8] [9] [10] . Notably, patients that enter the hospital following trauma are over 18 years of age, or are listed as 'minor cases' are excluded from the database.
In this investigation, the NSQIP database was queried using the current procedural terminology (CPT) codes for inpatient orthopaedic procedures with more than 1,000 cases logged during the sampling period. All patients who were identified as outpatient or with MI listed as 'null' were excluded from the analysis (see Table 1 ). Patient characteristics obtained for this study included the demographic factors age, gender, race, and BMI; the preoperative comorbidities dyspnea, hypertension, chronic obstructive pulmonary disease, congestive heart failure, bleeding disorders, previous percutaneous coronary intervention or cardiac surgery, previous stroke, and history of transient ischemic attack, as well as smoking status, recent steroid use, recent chemo-or radiotherapy, and recent prior operation. Surgical outcomes were all tracked for 30 days after the index procedure and included the cardiac complications of MI, stroke, and cardiac arrest as well as the non-cardiac complications of superficial or deep surgical site infection, organ space infection, wound disruption, venous thromboembolism, acute renal failure, unplanned re-intubation, peripheral nerve injury, pneumonia, urinary tract infection (UTI), transfusion, sepsis or septic shock, and ventilator dependence for over 48 h as well as rates of re-operation, lengths of stay, and 30-day mortality.
Patients were divided into two groups based on the presence or absence of a MI within six months prior to surgery. Patient characteristics and surgical outcomes for the two groups were initially compared using chi-squared or Fisher's exact test. Logistic regression analysis was performed to adjust for baseline differences. For each regression analysis, categorical preoperative variables were selected among NSQIP preoperative variables using bivariate screening with p<0.2 and ten or more occurrences. Continuous preoperative variables such as age, total operation time, work relative value unit, and BMI with p<0.2 were also included as covariates in the regression analysis. Hosmer-Lemeshow (HL) and receiver operating characteristic (ROC) tests were performed to test the sensitivity of regression analysis. Linear regression analysis was used to calculate the length of hospital stay while adjusting for age, gender, history of cerebrovascular accident, preoperative serum creatine level ≥2.0 mg/dl, American Society of Anesthesiology (ASA) classification, and procedure type. The level of significance was set at p<0.05.
Results

Demographic and comorbid profile
A total of 32,462 patients were identified with the CPT codes listed in Table 1 ; 86 of these patients were identified as having had a MI within six months prior to surgery, while the remaining 32,376 had not. The The preoperative MI group also demonstrated a greater proportion of patients taking steroids for a chronic condition (9.3 % vs. 3.0 %, p=0.004), previous operation less than 30 days prior to surgery (3.5 % vs. 0.5 %, p=0.010), and previous percutaneous coronary intervention (PCI) or cardiac surgery (45.3 % vs. 10.5 %, p<0.001). Results are summarised in Table 2 .
Outcomes profile
There were no significant differences between the MI and non-MI cohorts in postoperative cardiac complications of stroke (0.0 % vs. 0.2 %, p=1.0), cardiac arrest (0.0 % vs. 0.2 %, p=1.0) and MI (0.0 % vs. 0.3 %, p=1.0). Among noncardiac complications, superficial surgical site infection (3.5 % vs. 0.9 %, p=0.040), unplanned re-intubation (3.5 % vs. 0.4 %, p=0.005), ventilation for over 48 hours (3.5 % vs. 0.2 %, p=0.001), pneumonia (5.8 % vs. 0.6 %, p<0.001), and sepsis or septic shock (4.7 % vs. 0.9 %, p=0.003) were all more prevalent in the preoperative MI group. The preoperative MI group also had a greater proportion of patients needing reoperation (5.8 % vs. 2.0 %, p=0.030) and postoperative mortality within 30 days of surgery (4.7 % vs. 0.7 %, p=0.003). The same patient group also had extended length of hospital stay (7.7±8.6 days vs. 3.7±-4.6 days, p<0.001). Results are summarised in Table 3 .
Logistic regression analysis
The results of logistic regression analysis are displayed in Table 4 . Adjustment for baseline differences revealed that preoperative MI showed no association with cardiac complications but is significantly associated with superficial surgical site infection (OR 3.6, 95 % CI 1.1-11.8) and ventilator dependence for over 48 hours (OR 4.0, 95 % CI 1.1-14.0). HL test and C-statistics demonstrated sufficient discrimination and calibration for these models.
Linear regression analysis
Following adjustment for age, sex, race, history of cerebrovascular accident, preoperative serum creatine level≥2.0-mg/dl, ASA class, and procedure type, the preoperative MI group had longer hospital stays (median with interquartile range, 5 vs. 4 days, p<0.001). Additional adjustment for postoperative complications did not alter this result (5 [5] [6] vs. 4 days, p<0.001). Results are summarised in Table 5 . 
Discussion
This study sought to characterise the impact of a prior MI on postoperative complications among patients undergoing orthopaedic surgery. We found that a history of MI within sixmonths prior to surgery had no association with postoperative cardiac complications, but was significantly associated with superficial surgical site infections, ventilator dependence for over 48 hours, and prolonged hospital stay. Adverse cardiac events are known to be frequent postoperative complications. For all-comers undergoing any type of non-cardiac surgery, the incidence of major cardiac [13] .
For patients with pre-existing coronary artery disease (CAD), the risk of cardiac complications is known to be higher. One study of men with a history of CAD undergoing noncardiac surgery found a postoperative MI rate of 4.1 % [7] . A retrospective study of patients with a history of MI undergoing noncardiac surgery found reinfarction rates of 2.3 % for those whose surgery was three to six months after MI and 5.7 % for those whose surgery was less than three months after MI [14] .
Cardiac risk factors have also been shown to affect noncardiac outcomes. One prospective study of 3,970 patients over 50 years of age undergoing non-cardiac surgery found a greatly increased risk of non-cardiac complications in patients that also had cardiac complications, even after adjustment for preoperative clinical factors (OR 6.4) [15] . The same study also found that in patients with multiple complications, a MI was often the sentinel event. Another prospective study of 560 patients undergoing elective primary and revision hip and knee procedures showed a significant correlation between elevated preoperative cardiac risk index score and non-cardiac complications (RR 1.7) [16] .
To our knowledge, this is the first multi-institutional study of the impact of prior MI on all postoperative complications in an orthopaedic population. The cohort of patients with pre-operative MI had much higher rates of comorbidities and suffered increased rates of multiple complications. After adjustment for differences in pre-existing illnesses, we found prior MI to be associated with increased rates of superficial surgical site infection (OR 3.6, 95 % CI 1.1-11.8) and ventilator dependence for over 48 hours (OR 4.0, 95 % CI 1.1-14.0). However, prior MI did not correlate with postoperative cardiac complications (MI, cardiac arrest, stroke), as there were none of these events in the preoperative MI cohort.
Surgical site infection (SSI) is associated with significant morbidity and cost to the healthcare system. Approximately 500,000 occur in the US annually at an estimated total cost of ten billion dollars; each SSI is associated with seven to ten additional postoperative hospital days and a two to 11 times higher risk of death [17] . Various risk factors correlate with SSI. These include patient related factors such as age, obesity, diabetes, prior SSI, urinary incontinence, tobacco use, nutritional status, complete neurological deficit, use of NSAIDs, and the presence of more than three comorbid diseases [18] [19] [20] . Intraoperative factors also play a key role in risk for SSI, including prolonged surgical time, transfusion, skin preparation and draping techniques, and operating room behaviour [18, 21] . This investigation, to our knowledge, is the first to report prior MI as an independent risk factor for surgical site infections following inpatient orthopaedic surgery.
The inability to extubate for more than 48 hours after surgery is often used as the definition of posteroperative respiratory failure (PRF) [22] . Previous studies have shown an association between pre-existing cardiac disease, specifically heart failure, and PRF. A systematic review found that heart failure patients were at significantly higher risk for postoperative pulmonary complications (OR 2.93) [23] . One large Veterans Affairs study of major noncardiac operations found that patients with PRF were more likely to have had a preoperative MI (3 % vs. 1 %), however this study did not include preoperative MI in risk-adjusted analyses [22] . In developing a risk index for PRF, this same study identified the type of surgery and anaesthesia type as key predictors of PRF. It may be that patients in the preoperative MI cohort underwent higher risk procedures or tended to have general as opposed to neuraxial anaesthesia. The preoperative MI cohort, being composed of higher-risk patients, who probably underwent more urgent or emergency cases, as purely elective surgical intervention may have been deferred. If present, this procedural bias could explain our finding of increased risk for PRF in the MI group. We could expect PRF to correlate with postoperative cardiac complications, however there were no adverse cardiac events in the preoperative MI group to account for the increased incidence of PRF.
Our study also revealed a significantly longer postoperative length of stay for patients with a prior MI following adjustment for baseline differences (five days vs. four days). Prolonged length of stay is a major driver of the overall cost of care and resource use for surgical patients [24] . It is also frequently used as a proxy for quality of care for surgical patients and may come under increased scrutiny as our healthcare delivery paradigm continues to evolve. Postoperative complications are known to increase the length of stay significantly [25] ; however, our analysis shows preoperative MI to be an independent predictor of prolonged length of stay even after additional adjustment for complications (five days vs. four days).
Our study has several limitations, many of which are related to the database itself. The NSQIP database does not have functional outcomes and quality of life measures recorded for comparison. The 30-day duration of follow up precludes our ability to track delayed complications occurring beyond this time frame. In addition, the relatively low number of patients in the MI group limits our ability to track rare complications. This study also does not include patients coded as 'trauma', 'paediatric', or 'minor', which limits the general application of our findings. Furthermore, our risk-adjustment models are limited to the variables tracked in the database and the potential for confounding cannot be fully avoided. Any large database study carries the risk of identifying statistically significant differences that do not represent clinical realities. Lastly, the database does not allow for assessment of the degree of preoperative risk factor optimisation, which may confound our results.
In summary, our results indicate that a MI within six months prior to surgery is not associated with increased risk of postoperative stroke, MI, or cardiac arrest. A prior MI does correlate with increased risk of superficial surgical site infection and ventilator dependence for over 48 hours, as well as prolonged hospital stay. These results can help guide decision-making in orthopaedic patients with cardiac comorbidities.
Disclaimer The American College of Surgeons National Surgical Quality Improvement Program and the hospitals participating in the ACS NSQIP are the source of the data used herein; they have not verified and are not responsible for the statistical validity of the data analysis or the conclusions derived by the authors.
